T HE INCIDENCE OF CANCER
of the esophagus has increased more rapidly than that of any other solid organ tumor. 1 Despite this, surgery remains the key component in the multimodality treatment of cancer of the esophagus. During the past 30 years, since the inception of minimally invasive surgical techniques, the development of minimally invasive esophagectomy (MIE) as an alternative to open techniques has advanced to improve patient postoperative morbidity and mortality.
Despite the length of time since the first MIE was performed by Cuschieri et al, 2 debate continues as to the safety, efficacy, and oncologic benefit of MIE techniques. [3] [4] [5] [6] An important consideration not directly addressed in the existing published metaanalyses and systematic reviews is the comparison of oncologic outcomes of MIE with those of open techniques. The extent of lymphadenectomy and the optimum level of dissection required to optimize patient long-term survival rates and rates of recurrence remain controversial. [7] [8] [9] Furthermore, studies on the survival benefits of MIE on a year-to-year basis are lacking. Apparent variations in surgical technique exist between Eastern and Western surgical centers; whether these differences result in dissimilar oncologic outcomes is unknown.
The aims of this study were to (1) compare MIE and open techniques with respect to oncologic outcomes through
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analysis of the number of lymph nodes (LNs) retrieved, oncologic staging, and survival and (2) make comparative observations regarding oncologic outcomes of MIE in Eastern and Western countries.
METHODS

DATA SOURCES
A thorough literature review in accordance with the PRISMA (Preferred Reporting Items for Systematic Reviews and Metaanalyses) guidelines was conducted until May 27, 2012, using MEDLINE (PubMed), EMBASE, and the Cochrane Collaboration and using various combinations of the following terms: *esophagectomy, MIE, laparasc*, thoracosc*, VATS, minimally invasive, adenocarcinoma, squamous cell carcinoma, Ivor Lewis, and transhiatal (use of an asterisk in the search phrase denotes truncation). On identifying suitable articles by title, we read the abstracts of these studies to determine eligibility. We retrieved the full article when the article appeared to meet the eligibility criteria. We conducted further cross-referencing of the bibliographies of relevant articles to improve the completeness of this review.
SURGICAL DEFINITIONS
Techniques for MIE vary considerably between countries and centers. In general, the following 3 open techniques are commonly used: (1) Ivor Lewis, defined as gastric mobilization via laparotomy with esophageal and nodal dissection via rightsided thoracotomy and an intrathoracic anastomosis; (2) modified McKeown or 3-stage esophagectomy, defined as gastric mobilization via laparotomy with esophageal and nodal dissection via right-sided thoracotomy and cervical anastomosis via a neck incision; and (3) transhiatal, defined as gastric mobilization by laparotomy, distal esophageal, and mediastinal LN dissection through the diaphragmatic hiatus with proximal esophageal mobilization and a cervical anastomosis via a neck incision. In this study, surgical techniques were classified as MIE only if abdominal and thoracic stages were laparoscopic or thoracoscopic with or without hand assistance. For transhiatal esophagectomy to be an MIE, the abdominal operation was conducted laparoscopically or via hand-assisted laparoscopy. This latter category included laparoscopic inversion esophagectomy, which uses an esophageal inversion by means of a vein stripper with a cervical anastomosis via a neck incision.
STUDY SELECTION CRITERIA
We included all published full-text English-language studies comparing MIE with open resection for carcinoma of the esophagus or esophagogastric junction. Inclusion criteria consisted of (1) treatment including MIE, not hybrid MIE; (2) intention to treat; (3) studies of cases of esophageal cancer or Barrett esophagus with high-grade dysplasia; (4) studies comparing outcomes between open and MIE techniques; and (5) studies reporting a minimum set of oncologic data (LNs harvested, survival data, tumor staging, induction therapy, and extent of LN clearance). We excluded publications in non-peer-reviewed journals, review articles without original data, all studies not reporting on a minimal set of oncologic operative outcomes or not comparing MIE with open esophagectomies, case series and case reports without comparison, and studies with overlap between authors with previous published data.
DATA EXTRACTION
Two of us (M.D. and G.D.E.) independently selected studies for inclusion and exclusion. Consensus was reached on studies that were not included or excluded by both authors. All data were entered in a computer database (Microsoft Excel; Mircosoft Corporation) for analysis. We extracted commonly available data across the 16 studies identified. In this case, descriptive statistical comments were made using the studies in which similar data were available. Reporting bias, variations in surgical technique, and variations in the selection criteria of patients between studies were found; hence, comparisons between studies would not provide any useful plausible evidence and therefore were not conducted. We chose to focus specifically on the comparison between MIE and the open technique within each study.
STATISTICAL ANALYSIS
Multiple comparisons between the 2 operative groups involved analyzing the means, medians, and standard deviations for each identified variable where possible. We performed statistical analyses for survival data using the hazard ratio (HR) as the summary statistic until the longest follow-up point. We calculated the HRs from studies using Kaplan-Meier survival when comparing the MIE with the open group. We analyzed continuous variables, such as the number of LNs retrieved and operative variables, using a weighted means difference (WMD) as the summary statistic. We used a random-effects model to account for the significant levels of heterogeneity in surgical techniques in other various centers. Heterogeneity was assessed using the I 2 statistic. Funnel plots were created to evaluate the presence of publication bias. Also, we used the Egger weighted regression test to determine statistically significant publication bias. Differences in P values of less than .05 were considered statistically significant. 
RESULTS
An initial search identified 226 studies, of which 201 were rejected at abstract review because they did not meet the specified inclusion criteria (Figure 1) . From 1997 to 2011, 60 articles related to MIE for cancer consisted of case series (n = 35), case-control studies (n = 19), systematic reviews (n = 3), or meta-analyses (n = 3). The 3 meta-analyses published from 2009 through 2010 included 8 to 12 retrospective casematched studies. [10] [11] [12] Among the 35 case series on MIE, the largest included a total of 222 patients. 13 The data within the studies in the meta-analyses and systematic reviews had a strong emphasis on perioperative mortality and morbidity outcomes. 6, [10] [11] [12] 14, 15 The remaining 19 studies were all retrospective case-control studies. We did not include 3 case-control studies owing to exclusion of advanced-stage disease and a lack of overall oncologic data. The other 16 studies were included in this meta-analysis. The overall characteristics of the included studies are shown in Table 1 Esophageal cancer types were grouped into the following 3 main types: (1) squamous cell carcinoma, (2) adenocarcinoma, and (3) high-grade dysplasia/ carcinoma in situ. Proportions of cancer types in the MIE group compared with the open group were similar (MIE group: 39.8% adenocarcinoma, 52.1% squamous cell carcinoma, and 8.1% high-grade dysplasia/carcinoma in situ; open group: 37.7% adenocarcinoma, 54.2% squamous cell carcinoma, and 8.1% high-grade dysplasia/ carcinoma in situ).
ONCOLOGIC OUTCOMES
The overall extent of LN retrieval varied between studies ( Table 2 ). The largest study showed no statistical significance with respect to lymphadenectomy between the open and MIE groups (P =.76). 17 The range of LNs dissected varied from a median of as few as 3 to as many as 33.9. Lymph node clearance in 4 studies was greater in the MIE group than in the open group (PϽ.001). 15, 18, 25, 27 One study showed a lesser LN yield in the MIE group compared with the open group 24 (P=.01); the authors had stated that MIE at the time was in its early phases and that the extent of lymphadenectomy was not easily rep- Funnel plots and Egger regression analysis for the number of LNs retrieved and survival showed no significant publication bias ( Figure 3A and B) (P =.53 and P=.14, respectively).
The pathologic stage of cancers within each operative group is shown in Table 3 . One study used hybrid MIE, in which the abdominal phase was conducted via an open approach. 17 Nine studies published TNM staging data; 6, International Union Against Cancer staging data; and 1, no staging data. In 1 study, a statistically significant difference was found in the proportion of patients with stage III cancer between the open (65.8%) and MIE (52.1%) groups (P = .03). 17 Overall, no statistically significant difference was found in pathologic staging between the open and MIE groups. Patients in the MIE group used significantly more neoadjuvant treatment (54.9%) compared with the open group (34.7%) (PϽ.001). Some studies did not provide adequate data, whereas some used qualitative data to represent their cases. Cumulative survival data were published in most of the included studies. Ten (63%) and eleven (66%) studies had published survival data for the open and MIE groups, respectively; however, not all of these studies stated data for each time interval. Generally, good short-term (30-day) survival rates were found in both groups. Results of the meta-analyses for survival by stage interval are shown in Figures 4, 5, 6, 7 
EAST VS WEST
Oncologic data collated were assigned to the Eastern or Western group. Surgical procedures conducted in Eastern countries (mainly Japan) were allocated to the East, whereas surgical procedures conducted in Western countries (the United States, Australia, and Europe) were allocated to the West.
Survival data for East vs West were available in 6 and 3 studies, respectively. Meta-analytic data are shown in Figure 10 . In the Eastern group, the difference between open and MIE techniques was found to Figure 7 . Forest plot for 3-year survival, open vs minimally invasive esophagectomy (MIE). The size of the data marker corresponds to the relative weight assigned in the pooled analysis using random effects models. HR indicates hazard ratio. 
COMMENT
Numerous case series on MIE were published before 2011, but no randomized controlled trials have compared open and MIE groups with respect to short-term outcomes or oncologic impact. We used retrospective casecontrolled studies to improve the validity of current clinical evidence. We included 16 case-control studies, the largest of which was by Smithers and colleagues 17 with a total of 446 cases (309 hybrid MIE, 23 MIE, and 114 open). In their study, elimination of study bias was difficult. Each study presents its own limitations, such as small case numbers, surgical bias with inconsistency among the surgeons, exclusion of certain stages of cancers, inconsistencies in follow-up, and variances in operative technique and patient selection criteria. We recognize the limitations of this study when analyzing data from retrospective studies that show potential heterogeneity without addressing explicit confounding variables.
LYMPHADENECTOMY
Our study has shown that, despite the level of heterogeneity between studies, the difference in LN retrieval was statistically significant, favoring MIE in 5 studies and overall by meta-analysis. LNs examined and reported are determined by the surgical protocol and quality of pathological examination. As shown in Table 1 , LN clearance varies between studies because of the choice of operative technique and extent of lymphadenectomy. An apparent observation is a greater-than-average LN yield in the Japanese studies, where surgeons consistently perform 2-field extended or 3-field lymphadenectomy. In the comparison between East and West, the number of LNs dissected was nonsignificant in Eastern countries (open vs MIE) but significant in Western countries (P Ͻ .001). Thus, we demonstrated that an extensive LN clearance is possible with MIE techniques. In Japanese centers, MIE has been more widely adapted, and the operative technique has matured to a greater extent than in the West. Despite the variance in LN yield between studies, overall it can be concluded that surgeons performing MIE have a similar or greater capability for lymphadenectomy compared with those using standard open techniques.
Tumor types (adenocarcinoma or squamous cell carcinoma) within each study were fairly similar (Table 3) . Overall, the distribution of patients in each stage was similar; however, tumor staging in some larger studies had a higher proportion of early-stage disease in the MIE group, and the open group tended to have a larger proportion of patients with advanced-stage disease. [17] [18] [19] showing no heterogeneity for these findings. In this case, the studies included in the analysis for the Eastern group were fairly similar with respect to tumor staging and type; however, data on the use of chemoradiation therapy were lacking and may be a confounding factor in this result.
ONCOLOGIC OUTCOMES
In our study, most of the patients in the MIE group (54.9%) underwent induction therapy as opposed to the open group (34.7%). The reasons for this difference may vary between centers. Generally, the indication for pretreatment may have been more liberally applied in patients for whom preoperative staging was not confirmed and an MIE was planned and for whom surgeons may have applied differing criteria for selecting patients for induction therapy.
With regard to the quality of evidence, the 16 studies had significant but explicable heterogeneity in a number of variables (mostly LN retrieval); however, no evidence of publication bias was found with respect to this variable, and a meta-regression could not be attempted because of the relatively low number of studies for each group. Restricting results to the English language could have affected publication bias during the review process.
